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WORM SUPPORT DEVICE AND 
POWER ASSIST UNIT HAVING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a worm support device and a power assist 
unit having the same. 

Electric power steering apparatuses for automobiles are equipped with a 
power assist unit providing a steering assist power to a wheel steering mechanism. 
The power assist unit comprises a motor and a worm gear mechanism. The worm 
mechanism includes a worm shaft and a worm wheel. An appropriate backlash is 
provided in the engagement portion of the worm and worm wheel. Because of the 
backlash, when the worm is rotated in reverse, the tooth surface of the worm 
collides with the tooth surface of the worm wheel, producing a knocking sound. 
In order to overcome this drawback, an elastic body such as a spring or an O ring 
is inserted between the bearing for supporting the worm and the housing or worm 
(Japanese Patent Applications Laid-open No. HI 1-43062 and HI 1-171027). 

In the above-described conventional example, an elastic body such as a 
spring or an O ring is required and the number of parts and assembling operations 
is increased. Further, changes in the elastic constant of the elastic body with time 
also cause a concern. 
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BRIEF SUMMARY OF THE INVENTION 

The worm support device in accordance with the present invention is a 
worm support device for supporting shaft sections on both end sides of a worm 
connected to a drive source on a housing via bearings, wherein a deep groove ball 
bearing satisfying at least either a first condition where the curvature radius of a 
racetrack groove of an inner ring is between 52.5% or more and 75% or less of the 
diameter of a ball or a second condition where the curvature radius of a racetrack 
groove of an outer ring is between 53.5% or more and 85% or less of the diameter 
of a ball is used for the bearing (first bearing) on the drive source side. 

In sum, the first bearing is a deep groove ball bearing and the elastic 
constant in the axial direction thereof is appropriately decreased. In other words, 
when a rotary drive force acts upon the shaft section of the worm, the balls of the 
first bearing roll in the axial direction, while elastically bending and deforming a 
racetrack groove of the inner ring and/or the racetrack groove of the outer ring. 
Therefore, the inner ring and outer ring shift in the axial direction and allow for 
axial displacement of the shaft sections of the worm. Because the axial 
displacement of the shaft sections of the worm is thus allowed by using the 
elasticity of the inner ring or outer ring, the shaft sections of the worm move 
gradually in a state with the prescribed tension and are prevented from moving 

2 F8557 SUB SPEC {PCI4).WPD 



SUBSTITUTE SPECIFICATION 

F-8557 

rapidly. As a result, for example, when the worm wheel is engaged with the gear 
section of the worm, the knocking sound produced when the tooth surface of the 
gear section is collided with the tooth surface of the worm wheel is reduced or 
prevented. 

The inner ring of the first bearing is tightly fit with respect to the shaft 
section of the worm, and the bearing (second bearing) supporting the side of the 
haft section opposite to the drive source can be so joined that it can move with 
respect to the shaft section of the worm or the housing. The second bearing may 
have the same configuration as the first bearing and may be a rolling bearing such 
as a needle rolling bearing or a sliding bearing such as a bushing. 

In this case, as described hereinabove, the worm shaft can move smoothly 
when it is displaced in the axial direction. 

Further, the first bearing can be set to a negative gap. In this case, as 
described above, when the balls of the first bearing and the inner and outer rings 
move in the axial direction, the play thereof is prevented. 

A power assist unit in accordance with the present invention comprises a 
motor and a worm gear mechanism for reducing the rotational motion generated 
by the motor and outputting it as the steering assist power, wherein the worm gear 
mechanism comprises a worm coupled to the output shaft of the motor and a 
worm wheel engaged with the gear section of the worm and externally fixed to the 
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rotary shaft, a first bearing on the motor side and a second bearing on the side 
opposite the motor side for supporting the respective shaft sections on both end 
sides of the worm on the housing, and the housing for accommodating at least the 
worm and both bearings in a supported state thereof, and a deep-groove ball 
bearing satisfying at least either a first condition where the curvature radius of a 
racetrack groove of an inner ring is between 52.5% or more and 75% or less of the 
diameter of a ball or a second condition where the curvature radius of a racetrack 
groove of an outer ring is between 53.5% or more and 85% or less of the diameter 
of a ball is used for the first bearing. 

The configuration of this power assist unit is similar to that of the 
above-described worm support device. Therefore, the knocking sound produced 
when the tooth surface of the gear section is collided with the tooth surface of the 
worm wheel is reduced or prevented. 

Moreover, in the case of the conventional power assist unit, the rotary 
drive force acts upon the worm from the worm wheel within the interval from the 
steering of the steering wheel to the action of the steering assist power from the 
motor upon the worm (called the initial stage of steering). Because the motor has 
a large inertial weight, however, the steering feeling of the driver is unfavorable, 
for example, the steering cannot be conducted since the steering feel is heavy. 
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With this respect, too, with the above-described configuration in 
accordance with the present invention, if the bearing for worm support is a deep 
groove ball bearing and the elastic constant in the axial direction thereof is set 
appropriately low, then when a rotary drive force acts from the worm wheel upon 
the worm in the initial stage of steering, the worm is gradually displaced in a state 
with the prescribed tension in the axial direction before the worm is rotated due to 
elastic properties of the bearing. Therefore, no feeling of discomfort is induced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Accompanying the specification are figures which assist in illustrating the 
embodiments of the invention, in which: 

FIG. 1 is a side view illustrating an electric power steering device of the 
preferred mode for carrying out the invention; 

FIG. 2 is an enlarged partial cross-sectional view of the power assist unit, 
as viewed from the section along the (2)-(2) line in FIG. 1 ; 

FIG. 3 is a cross-sectional view showing an enlarged upper half of the first 
bearing shown in FIG. 2; 

FIG. 4 is a cross-sectional view illustrating another example of the first 
bearing shown in FIG. 3; 
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FIG. 5 is a cross-sectional view illustrating yet another example of the first 
bearing shown in FIG. 3; 

FIG. 6 is an enlarged main cross-sectional view of another power assist 

unit; 

FIG. 7 illustrates the configuration of another electric power steering 

device; 

FIG. 8 is a cross-sectional view illustrating an enlarged upper half of 
another bearing; 

FIG. 9 shows the relationship between the shift of the worm in the axial 
direction and the load applied to the racetrack grooves; 

FIG. 10 is an enlarged main cross-sectional view of another power assist 

unit; 

FIG. 1 1 is an enlarged main cross-sectional view of yet another power 
assist unit; 

FIG. 12 is an enlarged main cross-sectional view of yet another power 
assist unit; and 

FIG. 13 is an enlarged main cross-sectional view of yet another power 
assist unit. 
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DETAILED DESCRIPTION OF THE INVENTION 

One preferred embodiment for carrying out the invention is illustrated by 
FIGS. 1 to 3. The electric power steering apparatus 1 of the example shown in the 
figures comprises a steering shaft 2 and a power assist unit 3. 

The steering shaft 2 transmits a steering force to a wheel steering 
mechanism (not shown) in response to the rotation control of the steering wheel 
(not shown) and comprises an input shaft 5 having the steering wheel mounted 
thereon and an output shaft 6 linked to the wheel steering mechanism, the two 
shafts being joined with a torsion bar (not shown). 

The power assist unit 3 applies a rotational motion to the steering shaft 2 
when a steering force (rotary drive force) was inputted to the steering shaft 2 
following the rotary control of the steering wheel and comprises a motor 10 and a 
worm gear mechanism 1 1 . 

The motor 1 0 outputs a rotary power in response to a command from a 
control unit (not shown). The worm gear mechanism 1 1 reduces the steering 
assisting force outputted from the motor 10 and outputs the steering assisting 
force relating to the steering shaft 2. The worm gear mechanism 1 1 comprises a 
worm wheel 13 and a worm 14. 

The worm wheel 13 is externally fixed to the steering shaft 2 on the side of 
the output shaft 6. The worm 14 has a worm gear section 15a (FIG. 2) formed in 
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the intermediate portion thereof in the axial direction, and this worm gear section 
15a is engaged with the worm wheel 13. The worm 14 is coupled to the output 
shaft 10a of the motor 10 via a coupling 16. Respective spline teeth are formed 
on the outer periphery of the worm 14 on the side of the motor 10, inner periphery 
of the coupling 16, and outer periphery of the output shaft 10a of the motor 10. 
Those three groups are spline mated, thereby providing for integration in the 
rotation direction, while being free to move with respect to each other in the axial 
direction. In the worm 14, worm shaft sections 15b, 15c on both ends of the 
worm gear section 15a formed in the intermediate portion of the worm in the axial 
direction are rotatably supported by respective bearings 20, 30 with respect to the 
housing 17. 

Turning to FIG. 3, the two bearings 20, 30 are deep groove ball bearings. 
Among them, the first bearing 20 on the side of the motor 10 comprises an inner 
ring 21 , an outer ring 22, a plurality of balls 23, and a retainer 24. The inner space 
of the first bearing 20 is sealed with a seal 25, and a lubricant such as grease is 
introduced into the inner space of the bearing. The seal 25 is of a contactless type 
called a sealed plate, the outer peripheral portion thereof is mounted on both ends 
of the outer ring 22 in the axial direction, and the inner peripheral portion 
produces a contactless sealing portion facing the inner ring 21 via a tiny gap. 

Similarly to the first bearing 20, the second bearing 30 disposed on the end 
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side in the worm 14 comprises an inner ring 3 1 , an outer ring 32, a plurality of 
balls 33, and a retainer 34 (this configuration is not shown in detail). The outer 
diameter size of the first bearing 20 is set larger than that of the second bearing 
30. A seal for sealing the inside of the bearings may be used, but the use thereof 
5 is optional. 

The configuration of the first and second bearings 20, 30 and the mode of 
attaching the first and second bearings 20, 30 to the worm 14 will be described 
below. 

In the first bearing 20 disposed on the side of the motor 10, as shown in 
1 0 FIG. 3, the curvature radius Rl of the racetrack groove 2 1 a of the inner ring 2 1 is 
set at from 52.5% or more to 75% or less, preferably from 52.5% or more to 70% 
or less, even more preferably from 52.5% or more to 65% or less of the radius r of 
the balls 23. 

The curvature radius R2 of the racetrack groove 22a of the outer ring 22 is 
1 5 set at from 53.5% or more to 85% or less, preferably from 53.5% or more to 80% 
or less, even more preferably from 53.5% or more to 75% or less of the radius r of 
the balls 23. In the first bearing 20, a negative gap is set, that is, the radial inner 
gap is set as a negative value. 

The "%" above represents the curvatures Ml, M2 of the racetrack grooves 
20 21a, 22a, respectively, which are given by (r/Rl)xl00% and (r/R2)x!00%. In the 
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present embodiment the curvature Ml is set to 60% and the curvature M2 is set to 
70%. As the upper limit of the ranges of the curvatures Ml , M2 decreases, the 
elastic constant of the bearings 20, 22 decreases and a larger axial displacement of 
the worm 14 is allowed. Therefore, in order to guarantee the margin of the axial 
displacement of the worm 14, the maximum upper limit for the range of the 
curvatures Ml, M2 is set at 75% for the curvature Ml and 85% for the curvature 
M2, and various settings below those upper limits are possible. 

On the other hand, if the lower limit of the ranges of the curvatures Ml, 
M2 is too low, the above-mentioned elastic constant becomes too small and the 
axial displacement of the worm 14 becomes too larger. For this reason, the lower 
limits of the curvatures Ml, M2 are set to the above-described constant values, 
that is, 52.5% for the curvature Ml and 53.5% for the curvature M2. 

In the second bearing 30, the curvature radius R3 of the racetrack groove 
3 1 a of the inner ring 3 1 is set at from 5 1 .5% or more to 52.5% or less, preferably 
from 5 1 .5% or more to 52% or less, of the radius r of the balls 33. Further, the 
curvature radius R4 of the racetrack groove 32a of the outer ring 32 is set at from 
52.5% or more to 53% or less of the radius r of the balls 33. In the second bearing 
30, a negative gap is set, that is, the radial inner gap is set as a negative value. 
The "%•' above represents the curvatures M3, M4 of the racetrack grooves 31a, 
32a, respectively, which are given by (r/R3)xl00% and (r/R4)xl00%. 
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In the first and second bearings 20, 30, the hardness of the balls 23, 33 is 
set higher than the hardness of the inner rings 21,31 and outer rings 22, 32, 
similarly to the generally used products. 

The joining state of the inner ring 21 (FIG. 2) of the first bearing 20 and 
the worm shaft section 1 5b on one end side of the worm gear section 1 5a in the 
worm 14 is set to "tight fitting". On the other hand, the joining state of the inner 
ring 31 of the second bearing 30 disposed on the opposite side of the motor 10 and 
the worm shaft section 1 5c on the other end side of the worm gear section 1 5a of 
the worm 14 is set to "loose fitting". 

The outer ring 22 of the first bearing 20 is "loose fitted" with respect to a 
large-diameter inner peripheral surface 17b of the inner peripheral surfaces of the 
housing 17 and positioned in the axial direction by sandwiching from the axial 
direction between a step wall surface 17a obtained due to the step between a 
small-diameter inner peripheral surface 17c and the large-diameter inner 
peripheral surface 17b of the housing 17 and a threaded lid which is mounted by 
threading on the large-diameter inner peripheral surface 17b of the housing 17. 
On the other hand, the outer ring 32 of the second bearing 30 is joined by press 
fitting into the small-diameter inner peripheral surface 17c of the housing 17 and 
positioned in the axial direction. 
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If the curvature radii Rl , R2 of the first bearing 20 are thus set as high as 
possible, the elastic constant of the first bearing 20 in the radial direction 
decreases appropriately. In other words, when the inner ring 21 that is externally 
fit on the worm 14 and the external ring 22 that is internally fit in the housing 17 
are impelled toward each other in the axial direction by the application of an axial 
load to the worm 14, the balls 23 of the first bearing 20 roll in the axial direction, 
while causing elastic bending of the racetrack groove 21a of the inner ring 21 and 
the racetrack groove 22a of the outer ring 22. Therefore, the inner ring 21 and 
outer ring 22 are shifted in the axial direction allowing for axial displacement of 
the worm 14. As described above, because the inner ring 3 1 of the second bearing 
30 is loosely fit with respect to the worm 14, a smooth movement is executed 
when the worm 14 is displaced, as described above, in the axial direction. 

Moreover, because a pressure is applied upon setting the first bearing 20 to 
a negative gap, no play occurs when the balls 23 and inner and outer rings 21 , 22 
move with respect to each other in the axial direction, as described hereinabove. 

Thus, because the axial displacement of the worm 14 is allowed by using 
the elasticity of the inner ring and outer ring 21 , 22, the worm 14 moves gradually 
in a state with the prescribed tension and is prevented from moving rapidly. 

More specifically, within the interval from steering the steering wheel to 
the action of the steering assist power from the motor 10 upon the worm 14 
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(called the initial stage of steering) or during the reverse steering of the steering 
wheel, the worm 14 is gradually displaced in the axial direction in a state with the 
prescribed tension by the elasticity of the first bearing 20 and the worm 14 is 
prevented from displacing rapidly. As a result, the steering feel within the interval 
prior to the steering assist power application from the motor 10 can be improved, 
for example, no feeling of discomfort is induced. Further, during reverse steering 
of the steering wheel, the knocking sound produced when the tooth surface of the 
worm gear section 1 5a of the worm 14 collides with the tooth surface of the worm 
wheel 1 3 is reduced or prevented. The inner ring 3 1 of the second bearing 30 may 
be fit tightly and the outer ring 32 may be set to a loose fitting. 

In the above-described configuration, because no extra parts such as 
springs were used, the number of parts can be decreased and changes in the elastic 
constant caused by deterioration with time can be avoided. 

The racetrack grooves 21a, 22a in the inner and outer rings 21, 22 of the 
first bearing 20 can be the composite curved surfaces, as shown in FIGS. 4 and 5. 
In FIG. 4, the racetrack grooves 21a, 22a are formed from two curved surfaces. 
The curvature radius Rl 1 in both shoulder regions X2a, X2b is set smaller than 
the curvature radius Rl 0 in the groove bottom region XI . In FIG. 5, the racetrack 
grooves 21a, 22a are formed from three curved surfaces. The relationship RIO > 
R12 > Rl 1 is set between the curvature radius RIO in the groove bottom region 
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XI, curvature radius R12 in the intermediate regions X3a, X3b, and curvature 
radius Rl 1 in the two shoulder regions X2a, X2b. When such composite curved 
surfaces are produced, the balls 23 are reliably prevented from rolling past the two 
shoulder regions X2a, X2b when they roll in the axial direction. Therefore, it is 
possible to specify a range in which the inner and outer rings 21, 22 can displace 
with respect to each other in the axial direction. 

In the above-described embodiment, the curvature radii of the racetrack 
grooves in the inner and outer rings 3 1 , 32 of the second bearing 30 disposed on 
the distal end side of the worm 14 can be set similarly to those of the first bearing 
20 explained hereinabove in the embodiment. Furthermore, the curvature radius 
of the racetrack groove in any one of the inner rings 21,31 and outer rings 22, 32 
may be also set within a numerical range set forth by the JIS standard. 

The above-described embodiment relates to the electric power steering 
apparatus of a column assist type having a power assist unit 3 (FIG. 1) disposed 
on a steering shaft 2. However, an electric power steering apparatus can be also 
of a pinion assist type where the power assist unit 3 is disposed in a steering gear 
box. In this case, the worm wheel 1 1 of the power assist unit 3 is externally 
mounted on the pinion shaft of the steering gear box. 

As described hereinabove, in the worm support apparatus in accordance 
with the present invention, the axial displacement of the worm is allowed by using 
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the elasticity of the inner ring or outer ring of the first bearing. Therefore, when a 
rotary drive force acts upon the worm, the worm can move slowly in a state with 
the prescribed tension and can be prevented from moving rapidly. Therefore, a 
knocking sound produced when the worm wheel engaged with the gear section of 
the worm collides therewith can be reduced or prevented. 

Further, in the power assist unit in accordance with the present invention, 
in the same manner as described hereinabove, when the tooth surface of the gear 
section of the worm collides with the tooth surface of the worm wheel, the 
knocking sound can be reduced or prevented. Moreover, when a rotary drive 
force acts from the worm wheel upon the worm in the initial stage of steering of 
the steering wheel, the worm can be displaced gradually in the axial direction in a 
state with the prescribed tension, thereby providing for improvements, such as 
lack of discomfort during steering. 

Another mode of the present invention will be described below. 

Referring to the power assist unit shown in FIG. 6 and an electric power 
steering device (shown in FIG. 7) incorporating the power assist unit shown in 
FIG. 6, this electric power steering device comprises a motor 101 for steering 
assist and a worm gear mechanism 100A. The mechanism 100A has a worm 103 
as a small gear connected to the drive shaft 101a of the motor 101 via a coupling 
102 having a male coupling 102a and a female coupling 102b and a worm wheel 
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104 as a large gear engaged with the worm 103. The device has a housing 105 
serving as a support member for accommodating and supporting the worm gear 
mechanism 100A, and steering means 106 connected to the worm gear 
mechanism 100A. 

The steering means 106 comprises an input shaft 161 connected by one 
end thereof to the steering wheel 100B for steering and having a tubular section 
161a at the other end, a torsion bar 162 inserted into the tubular section 161a, 
coupled by one end thereof to the tubular section 161a of the input shaft 161, and 
twisted by the action of the steering torque applied to the steering wheel 100B, 
and an output shaft 1 63 coupled by the other end thereof to the other end section 
of the torsion bar 162 and connected to the worm gear mechanism 100A, wherein 
the output shaft 163 is connected to a steering mechanism (not shown), for 
example, of a rack-and-pinion system, via a universal joint. 

The housing 105 has a first accommodation section 105a that 
accommodates the worm 103 having shaft sections 103b, 103c at both ends of the 
tooth section 103a and rotatably supports the shaft sections 103b, 103c of the 
worm 103 via the deep groove bearings 107, 108 and a second accommodation 
section 105b that accommodates the worm wheel 104 and supports the worm 
wheel 104 via an output shaft 163 and two deep groove bearings 109, 1 10 mated 
with the output shaft 163. 
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The first accommodation section 105a extends in the axial direction of the 
worm 103, and a support hole 151 for mating with and supporting the outer ring 
107a of the bearing 107, a motor mounting section 153 and a threaded hole 152 
connected to one end of the support hole 151, and a control section 154 (e.g., a 
step in housing structure) connected to the other end of the support hole 151 and 
serving to control the movement of the bearing 107 are provided in one end 
section of the first accommodation section in the longitudinal direction thereof. 

Further, the outer ring 107a of the bearing 107 is joined to the support hole 
151, an annular threaded lid 1 1 1 abutting against one end of the outer ring 107a is 
threaded into the threaded hole 152, and the other end section of the outer ring 
107a is pressed against the control section 154. Further, the motor 101 is 
mounted on the motor mounting section 153. 

A support hole 155 for mating with and supporting the outer ring 108a of 
the bearing 108 and a control section 156 connected to one end of the support hole 
155 and serving to control the movement of the outer ring 108a of the bearing 108 
are provided in the other end section of the first accommodation section 105a. 
The other end section of the support hole 1 55 is opened to the outside, a lid 1 1 3 is 
threaded into the open portion, and the other end of the outer ring 1 08a is pressed 
against the control section 1 56. 
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In the worm 103 of the worm gear mechanism 100A, the shaft section 
103b provided at one end of the tooth section 103a having a plurality of teeth is 
inserted, so that it is free to move in the axial direction, into the inner ring 107b of 
the bearing 1 07 and rotatably supported in the support hole 1 5 1 via the bearing 
5 1 07. The shaft section 1 03c provided at the other end of the tooth section 1 03a is 

inserted, so that it is free to move in the axial direction, into the inner ring 108b of 
the bearing 108 and rotatably supported in the support hole 155 via the bearing 
108. The inner rings 107b, 108b abut against the tow ends of the tooth section 
103a. When the worm 103 moves in one axial direction (rightward), the inner 
1 0 ring 1 07b is pushed in the one axial direction, and when the worm 1 03 moves in 
the other axial direction (leftward), the inner ring 108b is pushed in the other axial 
direction. 

The worm wheel 104 is mated with and fixed to the intermediate portion 
of the output shaft 163. 
1 5 FIG. 8 is an enlarged cross-sectional view of part of the bearing. 

The value of the axial inner gap of the bearings 107, 108 that support such 
worm 103 is larger than the standard value specified by the Japanese Industrial 
Standard. More specifically, if the diameter of balls 107c, 108c is denoted by d, 
and the radius of racetrack grooves 107d, 108d of the inner rings 107b, 108b is 
20 denoted by R, then when the curvature radius d/R of the racetrack grooves 1 07d, 
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108d relating to the balls 107c, 108c is set to a value (for example, 60-80%) larger 
than the value (53%) set forth by the Japanese Industrial Standard, the value of the 
axial inner gap will be larger than the standard value of the Japanese Industrial 
Standard and the worm 103 supported by the bearings 107, 108 can be moved in 
the axial direction with respect to the outer rings 107a, 108a. Further, the radii of 
the balls 107c, 108c and racetrack grooves 107e, 108e of the outer rings 107a, 
108a are the standard values. The relationship between the axial inner gap and 
radial gap is defined by the JIS. 

The output shaft 101a (FIG. 6) of the motor 101 and the shaft section 103b 
of the worm 103 are so joined that they can move with respect to each other in the 
axial direction via a male coupling 102a and female coupling 102b having 
serrations. The male coupling 102a is constituted by providing serrations on the 
peripheral surface of the shaft section 103, and the female coupling 102b is 
constituted by providing serrations inside the tubular member 102c mated with 
and fixed to the drive shaft 101a. The male coupling 102a and female coupling 
1 02b are mated by the serrations. 

A torque sensor 112 (FIG. 7) for detecting the steering torque applied to 
the steering wheel 100B based on the relative rotation displacement quantity of 
the input shaft 161 and output shaft 163 corresponding to twisting of the torsion 
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bar 162 is contained in the housing 105, and the drive control is also conducted 
based on the torque detected with the torque sensor 112. 

FIG. 9 illustrates the relationship between the shift of the worm in the 
axial direction and the load applied to the racetrack grooves 107d, 108d. FIG. 9 
shows that when the shift and load are positive, a force in one axial direction 
(rightward) is applied to the worm 103 and moves it in the one axial direction 
(rightward), and when the shift and load are negative, a force in the other axial 
direction (leftward) is applied to the worm 103 and moves it in the other axial 
direction (leftward). 

In the electric power steering apparatus of the above-described 
configuration, the shaft section 103b (FIG. 6) of the worm 103 in which the shaft 
section 103b at one end is coupled via the coupling 102 to the drive shaft 101a is 
rotatably supported by the bearing 107, the shaft section 103c is rotatably 
supported by the bearing 108, and the worm 103 can be moved in the axial 
direction with respect to the inner rings 107b, 108b. Further, the balls 107c of the 
bearings 107, 108 are positioned in the central sections of the racetrack grooves 
107d, 108d, 107e, 108e of the outer rings 107a, 108a and inner rings 107b, 108b. 
The bearings 107, 108 allow the worm 103 to be moved in the axial direction with 
respect to the outer rings 107a, 108a because the value of the axial inner gap is 
larger than the JlS-specified value. Furthermore, the shift of the worm 103 in the 
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axial direction can be larger than the shift (d) in the case where the conventional 
ball bearing with the JlS-specified value of the axial inner gap was used, as shown 
in FIG. 9. 

Thus, when a steering force of the steering wheel 100B (FIG. 7) is 
5 transferred to the worm 103 via the input shaft 161, torsion bar 162, output shaft 

163, and worm wheel 104 by steering in a steering region without driving from 
the motor 101, that is, in a steering region where a steering angle during 
high-speed movement of a vehicle is, for example, as small as about one degree 
(1°), the following occurs. The worm 103 is moved in one axial direction 

1 0 (rightward) with respect to the outer ring 1 07a, while pushing the inner ring 1 07b, 

or in the other axial direction (leftward) with respect to the outer ring 108a, while 
pushing the inner ring 108b, by the axial force component applied to the worm 
103, the rotation angle of the worm 103 decreases, the transmission of force from 
the worm 103 to the drive shaft 101a of the motor 101 can be relaxed, the steering 

1 5 load in the steering region without driving from the motor 1 04 can be reduced, 

and steering feeling can be improved. Further, when the worm 103 moves in one 
axial direction (rightward), the shaft section 103c and inner ring 108b move with 
respect to each other, and when the worm 103 moves in the other axial direction 
(leftward), the shaft part 103b and inner ring 107b move with respect to each 

20 other. 
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Further, because in this configuration the bearings 107, 108 for supporting 
the worm 103 were improved, without adding any special mechanism, the 
structure can be simplified and the worm 103 can be miniaturized, despite the fact 
that the steering load in a steering region without driving from the motor 101 can 
be reduced. 

Referring to FIG. 10, the power assist unit shown in this figure comprises 
elastic rings 1 14, 1 15 as suppression means for suppressing the relative movement 
of the inner ring 1 07b and outer ring 1 07a and the inner ring 1 08b and outer ring 
108a of the bearings 107, 108 in the axial direction. The worm 103 can move in 
the axial direction with respect to the inner rings 107b, 108b. 

Referring to FIG. 10, locking rings 1 16, 1 17 are provided in the 
intermediate portions of the shaft sections 103b, 103 c, elastic rings 114, 115 such 
as plate springs, elastic washers, or rubber sheets are provided between locking 
rings 1 16, 1 17 and inner rings 107b, 108b, and the elastic rings 1 14, 1 15 displace 
the inner rings 107b, 108b toward the tooth section 103 a with respect to the outer 
rings 107a, 108a and prevent the inner rings 107b, 108b from floating in the axial 
direction with respect to the outer rings 107a, 108a. 

When the worm 103 moves axially in one direction (rightward) in the 
steering region without driving from the motor 101, the tooth section 103 a of the 
worm 103 applies pressure to the inner ring 107b, and the worm 103 moves 
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rightward together with the inner ring 107b, while bending the elastic ring 1 14, 
and inhibits the relative movement of the inner ring 107b and outer ring 107a in 
the axial direction. The movement quantity of the worm 103 decreases as the 
bending quantity of the elastic ring 114 increases. Furthermore, when the worm 
103 moves axially in the other direction (leftward), the tooth section 103 a of the 
worm 103 applies pressure to the inner ring 108b and the worm 103 moves 
leftward together with the inner ring 108b, while bending the elastic ring 115, and 
inhibits the relative movement of the inner ring 108b and outer ring 108a in the 
axial direction. The movement quantity of the worm 103 decreases as the bending 
quantity of the elastic ring 115 increases. Further, when the worm 103 moves 
axially in one direction (rightward), the elastic ring 1 15 is bent via the locking 
ring 117, but the inner ring 108b does not move. When the worm 103 moves 
axially in the other direction (leftward), the elastic ring 1 14 is bent via the locking 
ring 1 16, but the inner ring 107b does not move. 

Further, because the relative movement of the inner rings 107b, 108b and 
outer rings 107a, 108a in the axial direction is inhibited, when the worm 103 and 
bearings 107,108 are assembled, the position of the inner rings 107b, 108b in the 
axial direction relative to the outer rings 107a, 108a and the position of the worm 
103 in the axial direction relative to the bearings 107, 108 can be easily set and the 
assemblability can be improved. 
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Referring to FIG. 11, the power assist unit shown in this figure comprises 
elastic rings 1 18, 1 19, 120, 121 serving as inhibition means for inhibiting the 
relative movement of the inner rings 107b, 108b in the axial direction relative to 
outer rings 107a, 108a and allowing the bearings 107, 108 to move in the axial 
direction with respect to the outer rings 107a, 108a. The worm 103 can move in 
the axial direction with respect to the inner rings 107b, 108b. 

The outer rings 107a, 108a are fit, so that they are free to move in the axial 
direction, into support holes 151, 155, and elastic rings 120, 121 such as plate 
springs, elastic washers, or rubber sheets are provided between the outer rings 
107a, 108a and control sections 154, 156. Locking rings 122, 123 are provided in 
the intermediate portions of the shaft sections 103b, 103c, elastic rings 1 1 8, 1 19 
such as plate springs, elastic washers, or rubber sheets are provided between the 
locking rings 122, 123 and inner rings 107b, 108b, and the elastic rings 1 18, 1 19 
displace the inner rings 107b, 108b toward the tooth section 103a with respect to 
the outer rings 107a, 108a and prevent the inner rings 107b, 108b from floating in 
the axial direction with respect to the outer rings 107a, 108a. 

When the worm 103 moves axially in one direction (rightward) in the 
steering region without driving from the motor 101, the tooth section 103a of the 
worm 103 applies pressure to the inner ring 107b, and the worm 103 moves 
rightward together with the inner ring 107b, while bending the elastic ring 118, 
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and inhibits the relative movement of the inner ring 107b and outer ring 107a in 
the axial direction. The movement quantity of the worm 103 decreases as the 
bending quantity of the elastic ring 1 1 8 increases. Furthermore, when the worm 
103 moves axially in the other direction (leftward), the tooth section 103 a of the 
worm 103 applies pressure to the inner ring 108b and the worm 103 moves 
leftward together with the inner ring 1 08b, while bending the elastic ring 1 1 9, and 
inhibits the relative movement of the inner ring 108b and outer ring 108a in the 
axial direction. The movement quantity of the worm 103 decreases as the bending 
quantity of the elastic ring 119 increases. Further, when the worm 103 moves 
axially in one direction (rightward), the elastic ring 1 19 is bent via the locking 
ring 123, the elastic ring 1 19 is also bent via the inner ring 108b, a rolling body 
108c, and the outer ring 108a, the elastic ring 121 bends via the inner ring 108b, 
rolling body 108c, and outer ring 108, and the entire bearing 108 moves axially in 
the one direction (rightward). Further, when the worm 103 moves axially in the 
other direction (leftward), the elastic ring 1 1 8 is bent via the locking ring 1 22, the 
elastic ring 120 is bent via the inner ring 107b, a rolling body 107c, and the outer 
ring 107a, and the entire bearing 107 moves axially in the other direction 
(leftward). 

Further, because the relative movement of the inner rings 107b, 108b and 
outer rings 107a, 108a in the axial direction is inhibited, when the worm 103 and 

25 F8557 SUB SPEC {PC14J.WPD 



SUBSTITUTE SPECIFICATION 

F-8557 

bearings 107,108 are assembled, the position of the inner rings 107b, 108b in the 
axial direction relative to outer rings 107a, 108a and the position of the worm 103 
in the axial direction relative to the bearings 107, 108 can be readily set and the 
assemblability can be improved. 
5 Referring to FIG. 12, in the power assist unit shown in this figure, a 

bearing member 124 for bearing the shaft section 103c is provided to enable the 
adjustment of the distance between the rotation centers of the worm 103 and 
worm wheel 104 instead of the bearing 108 located on the opposite side of the 
motor. Further, elastic rings 125, 126 serving as inhibition means for inhibiting 

10 the relative axial movement of the inner ring 107b and outer ring 107a of the 

bearing 107 of Embodiment 1, which is disposed on the motor side, are provided 
on both end sides of the inner ring 107b, and the shaft section 103 c can move in 
the axial direction with respect to the bearing member 124. 

The worm 103 is specified to be able to move in the axial direction with 

15 respect to the bearing member 124. A locking ring 127 is provided in the 

intermediate portion of the shaft section 103b, elastic rings 125, 126, such as plate 
springs, elastic washers, or rubber sheets are provided between the locking ring 
127 and inner ring 107b and between the tooth section 103 a and inner ring 107b, 
the elastic rings 125, 126 position the inner ring 107b in the center in the axial 
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direction of the outer ring 107a, and the inner ring 107b is prevented from floating 
in the axial direction with respect to the outer ring 107a. 

At the other end portion of the first accommodation section 105a, in view 
of the receding orifice 157 for inserting the shaft section 103c and the inner 
surface of the receiving orifice 157, a cylindrical accommodation hole 158 drilled 
in the radial direction of the shaft section 103c, in other words, drilled in the 
direction of pushing the worm 103 toward the worm wheel 104 is provided 
instead of the support hole 1 55. A bearing member 124 for rotatably joining with 
the shaft section 103c, an elastic ring 128 composed of a coil spring for applying a 
force in the direction pushing the bearing member 124, and a hole closing member 
129 for closing the opening of the accommodation hole 158 leading to the outside 
are accommodated in the accommodation hole 158. The hole closing member 
1 29 is threaded into the opening of the accommodation hole 1 58 leading to the 
outside. 

In the intermediate portion in the axial direction of the bearing member 
124, in other words, in the intermediate portion in the direction of movement 
along the accommodation hole 158, there are provided a bearing hole 124a drilled 
so as to be perpendicular to the movement direction and a sliding bearing 130 
inserted into the bearing hole 124a and fixed therein, and the shaft section 103 c is 
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supported, so that it can move in the axial direction, by the bearing member 124 
via the sliding bearing 130. 

When the worm 103 moves axially in one direction (rightward) in the 
steering region without driving from the motor 101, the tooth section 103a of the 
worm 103 applies pressure to the elastic ring 126, and the worm 103 moves 
rightward together with the inner ring 107b, while bending the elastic ring 126, 
and inhibits the relative movement of the inner ring 107b and outer ring 107a in 
the axial direction. The movement quantity of the worm 103 decreases as the 
bending quantity of the elastic ring 126 increases. Furthermore, when the worm 
103 moves axially in the other direction (leftward), the locking ring 127 applies 
pressure to the inner ring 107b and the worm 103 moves leftward together with 
the inner ring 107b, while bending the elastic ring 125, and inhibits the relative 
movement of the inner ring 107b and outer ring 107a in the axial direction. The 
movement quantity of the worm 103 decreases as the bending quantity of the 
elastic ring 125 increases. 

Further, because the relative movement of the inner ring 107b and outer 
ring 107a in the axial direction is inhibited, when the worm 103 and bearing 107 
are assembled, the position of the inner ring 107b in the axial direction relative to 
outer ring 107a and the position of the worm 103 in the axial direction relative to 
the bearing 1 07 can be easily set and the assemblability can be improved. 
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Referring to FIG. 13, in the power assist unit shown in this figure, the 
worm 103 is supported by the bearing 107 on the motor side and by the bearing 
member 124 on the opposite side from the motor. In such a configuration, elastic 
rings 13 1, 132 serving as inhibition means for allowing the outer ring 107a to 
move in the axial direction, preventing the relative movement of the inner ring 
107b and worm 103 in the axial direction, and inhibiting the relative axial 
movement of the inner ring 107b and outer ring 107a are provided on both ends 
sides of the outer ring 107a. 

The radii of the rolling body 107c and the racetrack groove 107d of the 
inner ring 107b are the standard values, the racetrack groove 107e of the outer 
ring 107a is formed similarly to the above-mentioned racetrack groove 107d of the 
inner ring 107b, the value of the axial inner gap of the bearing 107 is larger than 
the value specified by the Japanese Industrial Standard, and the worm 103 can be 
moved in the axial direction with respect to the outer ring 107a and housing 105. 

The outer ring 107a is fit so that it can move in the axial direction into the 
support hole 151. Elastic rings 131, 132 such as plate springs, elastic washers, or 
rubber sheets are provided between the outer ring 107a and control section 154 
and between the outer ring 1 07a and a threaded ring 111. The elastic rings 131, 
132 displace the outer ring 107a toward the center of the inner ring 107b in the 
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axial direction and prevent the outer ring 107a from floating in the axial direction 
with respect to the inner ring 107b. 

A locking ring 133 for controlling the movement of the inner ring 107b in 
the axial direction is provided in the intermediate portion of the shaft section 
103b. 

When the worm 103 moves axially in one direction (rightward) in the 
steering region without driving from the motor 101, the tooth section 103a of the 
worm 103 applies pressure to the inner ring 107b, the inner ring 107b moves 
together with the worm 103, applies pressure to the outer ring 107a via the inner 
ring 107b and a ball 107c, and the worm 103 moves further rightward, while 
bending the elastic ring 1 1 8, and inhibits the relative movement of the inner ring 
1 07b and outer ring 107a in the axial direction. The movement quantity of the 
worm 103 decreases as the bending quantity of the elastic ring 118 increases. 
Furthermore, when the worm 103 moves axially in the other direction (leftward), 
the locking ring 133 applies pressure to the inner ring 107b, the inner ring 107b 
moves together the worm 103 and applies pressure to the outer ring 107a via the 
inner ring 107b and rolling body 107c, and the worm 103 moves further leftward, 
while bending the elastic ring 132, and inhibits the relative movement of the inner 
ring 107b and outer ring 107a in the axial direction. The movement quantity of 
the worm 103 decreases as the bending quantity of the elastic ring 132 increases. 
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Further, because the relative movement of the inner ring 107b and outer 
ring 107a in the axial direction is inhibited, when the worm 103 and bearing 107 
are assembled, the position of the inner ring 107b in the axial direction relative to 
outer ring 107a and the position of the worm 103 in the axial direction relative to 
5 the bearing 107 can be easily set and the assemblability can be improved. 

Further, the racetrack grooves 107d, 108d of the inner rings 107b, 108b 
also may be configured to have a straight, non-archlike surface, rather than a 
circular arch surface, in the central portion in the width direction of the racetrack 
grooves 107d, 108d. Furthermore, in the embodiment of FIG. 12, the racetrack 
1 0 grooves 1 07e, 1 08e of the outer rings 1 07a, 1 08a also may be configured to have a 
straight, non archlike surface, rather than a circular arch surface, in the central 
portion in the width direction of the racetrack grooves 107e, 108e. 

Further, the value of the axial inner gap of the bearings 1 07, 1 08 may be 
also increased by changing the shape of the racetrack grooves of the inner rings 
1 5 and outer rings, rather than by changing the inner rings 1 07b, 1 08b or racetrack 

grooves 107d, 108d of the inner ring 107b, or as in the embodiment of FIG. 12, by 
changing the outer rings 107a, 108a or the racetrack grooves 107e, 108d of the 
outer ring 107a. 

The electric power steering apparatus shown in FIGS. 6 to 13 comprises a 
20 small gear rotated by a motor and supported by bearings and a large gear engaged 

31 F8557 SUB SPEC {PC14J.WPD 



! 



F-8557 



SUBSTITUTE SPECIFICATION 



with the small gear and connected to driving means and steering assist is provided 
by the rotation of the motor, wherein the value of the axial inner gap in the ball 
bearings is larger than the standard value of the Japanese Industrial Standard (also 
referred to as JIS). 

Because the value of the axial inner gap of the bearings supporting the 
small gear is thus set larger than the standard value, the small gear can be further 
moved in the axial direction, when compared with the products conforming to the 
JIS. Moreover, the movement quantity of the small gear in the axial direction can 
be increased with respect to that in the case where the bearings are used that have 
the value of the axial inner gap equal to the standard JIS value. Therefore, the 
steering load in the steering region without the drive from the motor can be 
reduced and steering feel can be improved. Moreover, because the configuration 
uses no special additional mechanisms, the structure can be simplified and the 
small gear components can be miniaturized, despite the fact that the steering load 
in the steering region without the drive from the motor can be reduced. 

Moreover, the above-described electric power steering apparatus 
comprises inhibition means for inhibiting the relative movement of the inner rings 
and outer rings of the bearings in the axial direction. When the relative movement 
of the inner rings and outer rings in the axial direction is thus inhibited, and the 
small gear and bearings are assembled, the axial position of the inner ring with 
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respect to the outer ring and the axial position of the small gear with respect to the 
bearing can be easily set and the assemblability can be improved. 

Moreover, in the above-described electric power steering apparatus, the 
inhibition means is an elastic ring. Because the inhibition means can be thus 
constituted by inserting the elastic ring on the periphery of the small gear, the 
assemblability can be further improved. 

The present invention can be used in devices for providing a steering assist 
power to a wheel steering mechanism in electric power steering devices of 
automobiles. 

The present invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments 
are to be considered in all respects only as illustrative and not as restrictive. The 
scope of the invention is, therefore, indicated by the appended claims and their 
combination in whole or in part rather than by the foregoing description. All 
changes that come within the meaning and range of equivalency of the claims are 
to be embraced within their scope. 



33 



F8557 SUB SPEC {PC14).WPD 



